This special issue of Proceedings of the Institution of Mechanical Engineers, Part L: Journal of Materials: Design and Applications contains selected papers presented at the first international conference on materials design and applications 2016 (MDA 2016) . MDA 2016 was chaired by me and was held in Porto, Portugal during 30 June-1 July 2016. The goal of the conference was to provide a unique opportunity to exchange information, present the latest results as well as discuss issues relevant to materials design and applications research today. Approximately 150 papers were presented by researchers from nearly 30 countries.
In order to disseminate the work presented at MDA 2016, selected papers were prepared which resulted in the present Special Issue. A wide range of topics were covered and many excellent papers were submitted dealing with: metals, composites, smart materials, design, tribology, manufacturing and adhesive bonding. A short description of each paper is given next.
The first four papers are related to metal properties. Chen et al. evaluated the ductile-to-brittle transition temperature (DBTT) in a thermally sprayed CoNiCrAlY coating. The authors show that the small punch multi-step loading test is a suitable method for qualitatively evaluating the DBTT of CoNiCrAlY bond coat materials. A distinct stress and strain behaviour was found at 600 C, indicating that the DBTT of this CoNiCrAlY coating occurred between 500 C and 600 C. Li et al. studied the influence of material inhomogeneity on the mechanical response of a tempered martensite steel. A two-dimensional Voronoi tessellation was used to construct polygonal Voronoi cells to represent the microstructure of the heat affected zone of a tempered martensite weld. The results indicate that small amounts of ferrite can induce significant enhancements in stress and inelastic deformation at the interface of the ferrite and martensite grains. O'Hara et al. analysed the fatigue behaviour of MarBN steel for high temperature conditions. A range of strain-controlled, low-cycle fatigue tests are presented at 600 C and 650 C. A modified Chaboche damage law, incorporating Coffin-Manson life prediction, was implemented. A key aspect of the model is the demarcation of fatigue damage from microstructure-induced softening via comparison of the non-linear isotropic evolution with the measured softening response. Neto et al. studied the influence of face coat material on the reactivity and fluidity of Ti6Al4V and TiAl alloys during investment casting. A test sample simulating both compressor wheels and turbines was developed and assembled in a wax tree for alpha case and fluidity evaluation. Reactivity studies were conducted based on microhardness measurements and microstructural analysis of g-TiAl and Ti6Al4V standard test samples, casted in shells with different face coat materials. In terms of fluidity, it was found that g-TiAl castings have more misrun blades than Ti6Al4V castings.
The following six papers deal with composite materials. Frey and Brunner present selected cases from recent materials developments, dealing with glass-fibre epoxy laminates for which a thermal fibre treatment for desizing was compared with chemical solvent desizing. The series of tests performed on one system of glass-fibre epoxy laminates and one sizing do indicate that resizing desized glass fibres is feasible under laboratory conditions and with simple laboratory equipment by a dip-coating process without compromising the mechanical behaviour of the resulting GFRP laminates. Haba et al. used flaky and fullerene-like WS 2 nanoparticles as tribologic and toughening additives for epoxy. The investigation showed that both flaky and fullerene-like WS 2 nanoparticles can improve the fracture toughness of certain epoxy systems, while they can embrittle others. The fact that the fracture toughness did not correlate with the measured wear suggests that the investigated epoxy system wears by adhesion rather than by abrasion. Blass et al. show the influence of the prepreg aging time on the processability and the post-cure mechanical properties of carbon fibre reinforced plastic.
A T-peel test shows a significant influence of the prepreg age on the tack. In contrast, most of the postcure mechanical properties (especially fibre and interface-dominated properties) do not show a dependence of the pre-aging time. Puga et al. explore the importance of the manufacturing design when producing honeycombs by investment casting. It is shown by numerical simulation and experimental procedures that mould filling in directions where horizontal ribs are present may induce defects such as interdendritic porosities. These defects have a relevant role in the elastic domain of the lattices, decreasing the apparent Young's modulus and the plastic collapse stress. In Macedo et al. work, the use of starch gum as a coupling agent to cotton fibres is proposed, characterising the process of gum formation and fibres coating through starch paste solubility, clarity level by UV-vis spectroscopy, Fourier transform infrared spectroscopy, thermal gravimetric analysis heated optical microscopy and weight fibre recoating. The coating process promoted a stronger fibre adhesion allowing this reinforcement to be applied in an industrial scale process to produce fully biodegradable composites. Costa et al. reused leftovers (textile and wood powder) to create innovative products. The work involved the preparation of the waste, its mixture with different amounts and types of binders, and the casting in moulds. In some cases, the introduction of a shape memory alloy can promote an extra value and functionality to the designed products. The aim is to sensitise the community to the possibility of introducing new products in the market addressing concepts such as green design, sustainability and innovation.
Smart materials design is the subject of the following three papers. Castagnetti et al. present an innovative electromagnetic vibration-based energy converter, relying on two counteracting slotted disc springs, which originate a low-stiffness mechanical system under a given preload. The experimental validation highlights an excellent response, both in terms of the multi-frequency behaviour, and with regard to the significant power output also at low-input accelerations. In Bucchi et al. paper, an approach to magnetorheological fluid clutch design based on optimisation is proposed and tested on four different layouts. A lumped parameter model was developed to analytically compute the magnetic flux along the clutch magnetic circuit and to calculate the transmissible torque of the clutch. The optimal geometry of the clutch for maximum transmissible torque, in terms of number and dimensions of the coil sectors, was determined for each shape and coil configuration. In Fabregat-Sanjuan et al. work, a characterisation of a NiTiCu smart material (tube specimens) was carried out via tension, compression and torsion tests. The results have shown differences between the shear modulus measured on torsion tests and the shear modulus calculated from the measurements at tension and compression tests due to the tension/compression asymmetry and a non-constant strain ratio value.
Materials design is studied in the next three papers. Genovese et al. select composite materials to design a structural rail vehicle end and a roof. The material under investigation was manufactured in order to satisfy the strict railway light metro fire normative. Analytical and numerical approaches were used to validate and optimise the structural layout. In Ferreira et al. work, a computational framework for modelling local anisotropic damage of soft tissues is proposed. The numerical examples of threedimensional displacement-and force-driven boundary value problems describe the capability to use multiple material models within the same computational framework. Mammano and Dragoni present approximate equations developed from the elastic solution to facilitate the structural synthesis of buckled-beam suspensions starting from high-level engineering specifications. The step-by-step design procedure is illustrated by means of a case study and the theoretical predictions are validated against test data and finite element results.
The next two papers are related to tribology. The paper of Farroni et al. deals with the analysis of the effects that tire wear induces in vehicle performance, in particular as concerns the consequences that tread removal has on thermal and frictional tire behaviour. The authors study the modifications that a reduced tread thickness cause on the overall vehicle dynamic performance. Anand et al. evaluate the effects of lubricant degradation on the actual cylinder liners installed in trent class lifeboat engines. Zinc dialkyldithiophosphates anti-wear additives were analysed using the nuclear magnetic resonance spectroscopy. Results revealed the depletion of phosphorus containing zinc dialkyldithiophosphates anti-wear additives.
Materials manufacturing issues are discussed in the next four papers. In Niu et al. study, the effective mechanical properties of selective laser sinteringproduced periodic lattice structures were investigated. Three different types of lattice structures were designed by repeating three types of open-form unit cells consisting of triangular prism, square prism and hexagonal prism. Results show that lattice structures with triangular prism perform better than the other two prisms in terms of Young's modulus to relative density ratio. Silva et al. use two advanced additive manufacturing technologies, selective laser melting and stereo lithography to produce a prototype of a hybrid additive manufacturing device. The flexibility of construction, geometrical freedom and different materials processability is demonstrated with an arm orthosis. Costa et al. present a study regarding the influence of the cooling process, as a result of different mould insert materials, on ceramic parts dimensions obtained by low-pressure injection moulding process. The results show that the cooling rate resulting from the thermal conductivity of each material influences significantly the dimensional shrinkage and mass reduction of the samples. Delahaigue et al. describe the machinability of unidirectional and bidirectional flax/epoxy composite and analyse the influence of cutting parameters and fibres orientation on the cutting forces and the surface finish. The results show that the surface finish and cutting forces largely depend on the feed rate and to a lesser extent, to the cutting speed.
The last three papers are related to adhesive bonding. de Sousa et al. compare different analytical and numerical methods for the strength prediction of single lap joints with different overlap lengths. The main objective is to evaluate which predictive method is the best. The analytical methods showed that they only give relatively accurate results in very specific conditions. The finite element analysis with cohesive zone modelling revealed to be a very accurate method. The paper of Jusufi et al. discusses the numerical illustration of the fusion bonding process between a metal and a pure plastic hybrid joint. The authors use a fully coupled thermal-stress analysis of the fusion bonding process and examine a possible numerical illustration of temperature distribution and mechanical displacements to make predictions about the geometric quality of the joints. The last paper of Khoramishad et al. proposes a critical distance based method for predicting the strength of adhesive single lap joints. Using this method, the failure of single lap joints was predicted when the longitudinal strain along the adhesive mid-plane reaches a critical value at a specific critical distance. It was found that the critical distance was independent of the overlap length and the substrate thickness, while the critical longitudinal strain was found to be dependent on the substrate thickness. The predicted failure loads correlated very well with the experimental results.
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